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DAMD17-02-1-0473 
Benign Breast Disease: Toward Molecular Prediction of Breast Cancer Risk 

 
 

INTRODUCTION 
We are currently under a no cost extension period to complete the Wayne State cohort activities 

and biomarker analyses.  This report provides our accomplishments in the past year. 
 
 

Task 1: Establish Retrospective Cohort of BBD and Nested Case-Control Study 
 
A. Complete cohort follow-up 
We reported the details in our 2006 report.  This task has been completed. 
 
B.   Validate reported breast cancers 
We reported the details in our 2006 report.  This task has been completed. 
 
C. Match appropriate controls to known breast cancer cases 
We described this process in our 2004 report.  This task has been completed. 
 
D.  Construct test set for preliminary evaluation of markers 
We described the construction of our test set in our 2004 report.  This subset consists of 124 cases 
and their two closest controls selected from the entire study period. 
 
E. Construct validation set from remaining breast cancer cases, each matched with two  
controls. 
The remaining cases and controls will serve as the validation set. 
 
 
Task 2:  Biomarkers in Archived Tissues from Cases and Controls 

 
A. Retrieve tissue slides/blocks of BBD specimens for all cases and controls 
We reported details in our 2006 report.  This task has been completed.  
 
B.      Characterize benign histopathology  
1. General findings 
In 2006 we reported the benign histology for our entire cohort.  This objective has been completed.  
We published the general histology findings in July 2005 in the New England Journal of Medicine. 
 
2.   Atypia 
We reported on our atypia results in our 2007 report.  These results were published in the July 1, 2007 
issue of Journal of Clinical Oncology.. 
 
3.  Papillomas 
These data and the publication of these data were reported in 2006.  
 
4.   Involution 
In our 2006 report we identified that the extent of lobular involution in breast tissue is an important risk 
indicator for the development of breast cancer.  These results were published in the Journal of the 
National Cancer Institute in November, 2006. 
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5. Radial Scars 
We reported the details in our 2007 report. These results were published on line in Breast Cancer 
Research Treatment (5/22/07) and in print 2008; 108:167-74. 
 
C.     Prepare tissue slides for biomarker analyses 
Tissue slides have been prepared as various biomarkers have been explored.   
 
D.  Perform IHC of molecular markers 
Our focus continues to be on the earliest possible changes that we might detect in these 
"premalignant" lesions.  Our focus this past year has been on COX-2, ER alpha, Ki67 and p16. 
 
1.     COX-2 in atypia 
We reported these findings in our 2006 and 2007 reports. These results were published in the March 
19, 2008 Journal of the National Cancer Institute  
 

Visscher DW, Pankratz VS, Santisteban M, Reynolds C, Ristimäki A, Vierkant RA, Lingle WL, Frost 
MH, Hartmann LC. Association between cyclooxygenase-2 expression in atypical hyperplasia and 
risk of breast cancer. Journal of the National Cancer Institute 2008;100(6):421-7.  

 
2.  ER 
We reported these findings in our 2007 report. These results are being prepared for publication. 

 
3.   Ki-67 
Ki67 is a protein expressed in actively dividing cells, a feature associated with malignant cells and 
precancerous cells. We have stained all the atypias for Ki-67 and read them using the Automated 
Cellular Imaging System (ACIS).  The question is whether or not proliferation status of benign breast 
tissue will predict subsequent development of breast cancer.  Analyses of the date are underway.  
 
 4.  p16 
p16 is a very important regulatory element within cells.  In a normal cell that is stressed, or beginning to 
grow out of control, p16 levels should rise and stop further cell growth.  But at least some precancerous 
cells have the ability to grow through the p16 stop signal.  Increased expression of p16 has been 
associated with a greater chance that women diagnosed with ductal carcinoma in-situ (DCIS) will 
experience a recurrence of their breast cancer after a lumpectomy. We are exploring whether p16 has any 
significance in identifying women with a benign breast biopsy who will go on to develop breast cancer.   
Our preliminary analyses do not show that this marker alone signals an increased risk of breast cancer.   
However, p16 increases as ER increases in staining intensity.  Next, we will be exploring how p16 may be 
interacting with other biomarkers. 
 
E. Perform centromere studies.   
These data were presented in our 2006 report.  Task completed. 
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Task 3:  Discovery - In Vitro Culturing and Gene Profiling Studies 
 
A. Identify appropriate BBD specimens for profiling. 
The purpose of these studies is to identify new, potentially 
relevant biomarkers in benign breast disease, markers that might 
correlate with subsequent breast cancer risk.  When our grant 
was submitted, the technology was not available to do profiling 
studies in paraffin-embedded tissue (such as our BBD resource).  
Fortunately, genomic profiling technology has proceeded 
significantly and there are now platforms available for us where 
microdissected, paraffin-embedded samples can be run.  
Because of the importance of lobular involution in reducing risk of 
breast cancer (see Task 2.B.4 above), and because there is no 
information currently on mediators of involution, we have 
selected paraffin-embedded samples that display varying 
degrees of involution for profiling.  First we have performed pilot 
studies on test formalin-fixed paraffin embedded samples.  For 
these trial studies, we have been using paraffin-embedded tissue 
from transgenic mice that express a matrix metalloproteinase 
(MMP) that is expressed during postlactational involution.  We 
identified a method for preparing RNA of sufficient quality from 
paraffin-blocked tissue, and then worked with the Mayo Clinic 
Microarray Core to optimize the microarray processing protocols.  
Through this approach, we have identified a procedure that can 
be used with the cohort biopsies (Figure 2).     
 
B.  Obtain fresh BBD tissue from appropriate patients at 
Mayo for culturing in vitro at UCSF.   
Forty-four samples were sent from Mayo to UCSF.  Five of these 
samples were lost to contamination.  Task completed.  
 
C.     Culture BBD specimens and document their growth 
characteristics.   
These data were reported in 2005.  Task completed. 
 
D. Compare genomic expression levels of DCIS markers in BBD tissues. 
We reported on this task in 2006.   Task completed. 
 
E.     Profile BBD specimens. 
We reported on this task in 2006.  Task completed. 
 
 
Task 4:  Statistical Analyses 
A. Establishment of relational database 
This task is complete.  The database is the foundation for tracking all tissue samples; entering clinical, 
pathologic, and molecular data; and analyzing results.   
 
B. Enter epidemiologic and histopathologic data 
This task is complete. 
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Figure 2.  Transcriptional 
profiling of formalin fixed, 
paraffin-embedded tissue.  The 
graph represents expression levels 
of 45,000 genes as individual 
lines; each line connects the gene 
expression levels in three 
nontransgenic normal mice (left) 
and three transgenic MMP3 mice 
(right).  The lines are colored 
according to expression levels in 
the normal mice; genes with high 
expression in the normal mice are 
colored red, and genes with low 
expression in the normal mice are 
colored blue. 
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C.     Enter culturing data (proportion of cells that break through proliferation barriers; slope of curve, 
etc.) 
These data were entered as collected at UCSF. 
 
D.     Enter molecular data from culturing experiments (methylation of p16, p53 status, %  
proliferation versus apoptosis, etc). 
These data were entered as collected at UCSF. 
 
E.    Enter gene profiling data. 
These data were entered as collected at UCSF. 
. 
F. Calculate hazard function for breast cancer by age at BBD, family history, histology, 
and molecular marker data. 
We reported these findings in the 2007 report. 
 
G.   Assess accuracy of Gail model. 
We reported these findings in the 2007 report.  The manuscript has been accepted for publication in the 
Journal of Clinical Oncology. 

 
Pankratz VS, Hartmann LC, Degnim AC, Vierkant RA, Ghosh K, Vachon CM, Frost MH, Maloney SD, 
Reynolds C, Boughey JC.  Assessment of the accuracy of the Gail Model in women with atypical 
hyperplasia.  Journal of Clinical Oncology.  Accepted for publication. 
 
 
 
G.   Analyze expression data. 
This past year we have focused on ER, p16, Ki-67.  We have reported our current status under Task 
2. 
 
 
Task 5:  Compare Breast Cancer Risk Associated with Benign Breast Disease in African-
American vs. Caucasian-American Women 
 
A. Identify African-American women at Wayne State University who had a breast biopsy with 
benign results between 1992 and 2001. 
Through a collaboration with Dr. Hind Nassar, an IRB-approved protocol has been developed, to access 
paraffin-embedded samples of benign breast disease (BBD) from African-American women at Wayne State 
from 1992-2001.  This will allow us to begin to look at the problem of BBD in African-American women.  
Moreover, because the population there is covered through the Detroit SEER database, we will have 
information about cancer outcomes.   During this year our investigator from Wayne State, Dr. Hind Nassar, 
has moved to Johns Hopkins University.  She has been given the authorization by both Hopkins and 
Wayne State to complete this work.  She will return to Wayne State to complete the readings on a monthly 
basis.  Dr. Nassar has received IRB approval at Johns Hopkins and Wayne State to complete this project.  
 
B. Retrieve slides/blocks of BBD specimens. 
Slides and blocks continue to be retrieved as Dr. Nassar is able to complete readings. 
 
C. Characterize benign histology of epithelium. 
Dr. Nassar continues to read and enter the histology into the data entry tool developed by the Mayo 
programmer.  
 
D. Cross list with Detroit SEER database to identify subsequent breast cancers. 
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Dependent on A-C.   
 
E. Data clean-up, compare age, histology, involution status, and resulting risk with Mayo 
Caucasian-American cohort and determine involution status by age of patient.   
To begin once A – D accomplished. 
 
KEY RESEARCH ACCOMPLISHMENTS 
• We identified the degree of risk associated with the common benign epithelial entities and the 
extent to which age at biopsy and family history influence the risk of breast cancer in women with 
proliferative or atypical lesions.  The highest risk was among women who had proliferative disease 
with atypia, especially those of younger age. 
 
• We identified a marked increased risk of breast cancer in women with three or more foci of 
atypia, especially for three or more foci with calcifications.  Also, risk was higher in women diagnosed 
with atypical hyperplasia before age 45.  Among women with atypia, risk was not affected by family 
history. 
 
• We identified that a single papilloma without atypia imparts an increased risk of developing a 
subsequent carcinoma similar to other forms of proliferative breast disease without atypia.  Atypical 
papilloma, particularly in the setting of multiple papillomas, imparts a breast cancer risk similar to or 
greater than conventional atypical ductal/lobular hyperplasias. 
 
• We identified that the extent of lobular involution in breast tissue is an important risk indicator 
for the development of breast cancer.  Increasing degrees of involution result in a significant reduction 
in breast cancer risk, even in women at “high risk” based on atypia or young age. 
 
• We found that intense COX-2 expression is associated with a significantly greater likelihood of 
a subsequent breast cancer in women with atypia and represents one potential molecular target for 
chemoprevention strategies. 
 
• We found no increased breast cancer risk for women with radial scars compared to the risk 
already present due to proliferative disease with or without atypia. 
 
• We identified that centrosome amplification is seen more frequently in higher risk benign 
lesions (e.g. atypia) and is infrequently seen in non-proliferative lesions and in proliferative lesions 
without atypia. 
 
• Our preliminary data show that p16 alone does not signal an increased risk of breast cancer.  
However, p16 increases as ER increases in staining intensity.  
 
• We found the Gail model to predict no better than chance alone the breast cancer risk of 
women with atypia.  The model significantly underestimated lifetime risk of our cohort of women with 
atypia. 
 
REPORTABLE OUTCOMES 
Manuscripts  



-9- 

• Degnim AC, Visscher DW, Berman HK, Frost MH, Sellers TA, Vierkant RA, Maloney SD, 
Pankratz VS, deGroen PC, Lingle WL, Ghosh K, Penheiter L, Tlsty T, Melton LJ, Reynolds CA, 
Hartmann LC.  Stratification of breast cancer risk in women with atypia:  A Mayo cohort study, Journal 
of Clinical Oncology 2007;25(19):2671-7. 
• Berg JC, Visscher DW, Vierkant RA, Pankratz VS, Maloney SD, Lewis JT, Frost MH, Ghosh K, 
Degnim AC, Brandt KR, Vachon CM, Reynolds CR, Hartmann LC.  Breast cancer risk in women with 
radial scars in benign breast biopsies.  Breast cancer Research and Treatment 2008;108:167-174. 
• Visscher DW. Pankratz VS. Santisteban M. Reynolds C. Ristimaki A. Vierkant RA. Lingle WL. Frost 
MH. Hartmann LC. Association between cyclooxygenase-2 expression in atypical hyperplasia and risk of 
breast cancer.  Journal of the National Cancer Institute 2008;100(6):421-7. 
• Pankratz VS, Hartmann LC, Degnim AC, Vierkant RA, Ghosh K, Vachon CM, Frost MH, Maloney 
SD, Reynolds C, Boughey JC.  Assessment of the accuracy of the Gail Model in women with atypical 
hyperplasia.  Journal of Clinical Oncology.  Accepted for publication. 
 
Presentations 
Poster Presentation at American Society of Clinical Oncology’s Breast Cancer Symposium, 
San Francisco, CA, September 2007. 
• Boughey JC, Hartmann LC, Degnim AC, Vierkant RA, Ghosh K, Vachon CM, Maloney SD, 
Reynolds C, Pankratz VS.  Assessment of the accuracy of the Gail model in women with atypical 
hyperplasia. 
 
CONCLUSIONS 
This past year we have focused on biomarker data and the characterization of benign breast disease 
in the Wayne State African-American cohort.   We have made significant progress on our biomarker 
data.  We have published results on our COX-2 data, an article was accepted on our Gail model data 
and we are preparing ER and p16 data for publication.  We are currently analyzing Ki-67 data.  Work 
on the Wayne State African-American cohort was slowed by the fact that our Wayne State 
collaborator, Dr. Hind Nassar, moved from Wayne State to Johns Hopkins this past year.  We have 
worked with Dr. Nassar to accomplish the logistics that will make it possible for her to return 
periodically to Wayne State to complete this work.  Our main focus this upcoming grant year will be 
completion of the Wayne State cohort and data analyses comparing our Caucasian-American cohort 
with the African-American cohort.    
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